This paper looks at the development of a class of Exponential Compact Higher Order (ECHO) schemes and attempts to comprehend their behaviour by introducing different combinations of discrete source function and its derivatives. The characteristic analysis is performed for one-dimensional schemes to understand the efficiency of the scheme and a similar analysis has been introduced for higher dimensional schemes. Finally, the developed schemes are used to solve several example problems and compared the error norms and rates of convergence.
Introduction
Many interesting engineering problems involve the physical processes and transport phenomena that include fluid flow, heat and mass transfer, can be modelled by a general Convection-Diffusion Equation (CDE). This equation describes the convection and diffusion characteristics of various physical quantities, such as momentum, energy, concentration, etc. This paper deals with the numerical solution of convection-diffusion equation 
where are constant diffusion, , are constant convection coefficients and , > 0 a b c d f , g are sufficiently smooth functions with respect to x and . If , are very small when compared with and , then (1) becomes a convection dominated equation for which [1] [2] [3] [4] are some of the exponential schemes known from the literature. For higher dimensional problems, though the schemes [2-4] are all fourth order accurate, scheme presented in [4] seems to be giving better results over the other two. The purpose of this work is to understand the good features of the scheme given in [4] and based on these features include some additional conditions in the development of ECHO schemes. Since the development of these schemes is already been discussed in [4] , instead of repeating the same in this work, we focus on understanding the merits of the scheme. Section two presents a new class of ECHO schemes for 1D CDE, their classification and numerical verification. Echo schemes for 2D CDE are formulated and compared in the Section three and conclusions are drawn in the last section. 
1D Convection-Diffusion Equations
The one dimensional equivalent of (1), by fixing , is given by 
ECHO Schemes
A general strategy to develop ECHO schemes is by starting with the difference equation 
Stencil-1
Consider the discrete source function
where i f , ( ) Schemes with stencils 1, 2 and 3 contain four parameters and are fourth order accurate, whereas the scheme with stencil 4 contains five parameters and is sixth order accurate. Here after, we refer the difference scheme (4) with stencils 1 to 4 as schemes , 
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where 
Both real and imaginary parts of the haracteristics (13-16) are compared with (12) in Figures , 2 and 3 
Resolving Efficiency
The resolving ficiency [7] of any numerical scheme, ef . Also, a careful look at these tables reveals that, for small peclet numbers, say for 0.1 p , all the fourth order schemes have more or less equal resolving efficiency, however, for = 10 p and 100, the fourth order schemes with four parameters have a much better ving efficiency than the Schemes given in [2] and [3]. Since ( ) Re = resol  of these schem lved to a much less value for = 10 p and 100, these are more prone to dissipation error which ult y results into loss of accuracy. To demonstrate the effect of the resolution of various schemes on the accuracy of the generated numerical s ns, these schemes have been used to es reso boundary layers are chosen for the purpose of numerical verification. Im( )
Example
2 = sin cos xx x u u x         0 < << ,  1 , 0 < < 1 x for which / 1 / ( ) = sin ( 1) / (
Re( ) e( has less resolving efficiency and the solutions obtained using this scheme are slightly inferior when compared with the other two, however, it is still has a better performance than the two existing three parameter schemes.
2D Convection-Diffusion Equations
Efficiency of every numerical scheme can be established computationally by solving a class of example problems but analysis of the used numerical scheme is more important to gain confidence before applying them for real world problems. Usually, the efficiency of the higher ionary city or order compact schemes for one-dimensional stat CDE is shown by studying their monotoni comparing their characteristic curves. For 2D schemes, the comparisons have to be made characteristic surfaces. The development of a 2D scheme for the twodimensional CDE (1) is already presented in [4] and using a similar procedure, 2D equivalents for the schemes 
ECHO Schemes
The development of an ECHO scheme for a two dimensional CDE will be given in a general procedure such that a similar procedure can be followed for different urce nctions. When the convection coefficients a e constant, the two-dimensional equivalent so fu r * (17) of (4) is given by 2 2 , , 
The truncation error of the scheme (17) 
where ,
Expanding the terms in (19) and (20) sh scheme (17) is of second order accurate. fourth order, the scheme and the source function is as e coefficients and , are given by ows that the To make it 
The coefficients t d crete so rce function are given by 
The coefficients in the discrete source function are 
The coefficients in the discrete source function are given by , when 
2D Scheme in [3] :
where = The terms and in the denominator of (28) are the contribu due to the source function of the scheme and hence from scheme to scheme. However, all the exponential schemes are same as in (28). T justify this, one can expand 
Therefore It can be seen clearly in each of these figures that the characteristics of the existing three parameter 2D schemes are far away from the exact curve compared to the four parameter schemes which have been developed in this work. Interestingly, the deviation is increased with angle and also wi x y th peclet number giving a very substantial deviation at = =100
x y p p . Particularly, Scheme in [2] is deviated more at the center and also produced a significant overshoot for all most all the cross sections.
Among the present four parameter based fourth order 2D schemes, [2 ] 2 D S here is overshot the exact characteristic in its real part but t no such abnormality with respect to . A similar overshoot in its real part is also been observed in 
